To investigate the feasibility of using biochars to adsorb urea in aqueous solution, we extracted biochar which was generated at pyrolysis temperature of 400℃, 600℃ and 800℃ respectively from rice-straw combustion residues. In this study we evaluated the effect of adsorption time, the pH of environment, the contents of urea and biochar yield on the ability of adsorption for urea using a solution adsorption method. The results showed that all biochars could sorb the higher amounts of urea at pyrolysis temperature of 800℃, which was larger than 600℃ and 400℃ successively with prolonging adsorption time, increasing environmental pH, larger amounts of urea and greater the addition of biochars. However, biochars particle size of 1.91mm and 0.38mm had no significant effect. We conclude that rice-straw derived biochars can be used for adsorbing urea under the conditions where the pyrolysis temperature of 800℃, adsorption time of 3 hours, environmental pH of 7, biochar particle size of 2.0mm, initial urea concentration of 3mol/L and lesser usage of biochars.
INTRODUCTION
Biochar refers to unique characteristics and a high agricultural economic, environmental and ecological impact, which is produced by thermal decomposition of straw under oxygen-limited condition and at relatively low temperature [1] [2] [3] . Due to the different materials, pyrolysis temperature and other preparative conditions, resulting in biochar's structure and function significant difference [4, 5] . According with the increase of the carbonization temperature, biochar gradually increases carbon content of organic component, aromatic enhancement and weak polar [6] . When the pyrolysis temperature rises from 300℃ to 400℃, the specific surface area increases suddenly and characteristic microporous structure. At the same time, adsorption isotherm changes from linearity to nonlinearity and adsorption mechanism transfers from the distribution effect to the coexistence of surface adsorption and distribution effect, and then converts to surface adsorption, which is due to the fact that biochar has strong adsorption properties [7, 8] . It has reported that pyrolysis temperature, value of pH, coexisting ions, dosage and other factors, which influence the adsorption properties of biochar [9] .
Nitrogen is one of the essential plant macronutrients. It affects system phylogeny and morphogenesis of the plant [10, 11] . Urea is a physiologically neutral fertilizer, which has the highest content of nitrogen on solid nitrogen fertilizer. The biochar-based-N fertilizer puts urea as a nitrogen source, which can reduce N loss and the risk of groundwater contamination [12] . The main objective of this research was to take rice straw as raw material. And the rice-straw biochar was pyrolysed at 400℃, 600℃ and 800℃ respectively by the oxygen-limited pyrolysis method. To evaluate the influence of adsorption time, the pH of environment, the contents of urea and biochar yield on the characteristic of adsorption for urea. These will help to provide basic theoretical support in use of biochar for agricultural resources utilization.
MATERIALS AND METHODS

Materials Preparation
Biochar samples were produced from rice straws which was collected from Frozen Green Village located in Yangzhou, Jiangsu Province in China. The rice straws were cut into long pieces(30cm) and air-dried(105℃) for 8 hours constant weight. The rice straws were converted to biochar under oxygen-limited condition using a atmosphere furnace. To minimize oxygen content in reaction, the container was purged with N2 at a flow rate of 0.2L/min for 5 min under pressure was 101.325kPa. The pyrolysis temperature was raised to the aimed values of 400℃, 600℃ and 800℃ and held constant for 1h. After the cooling stage for 12 hours, biochar samples were then ground to pass 10 and 40-mesh sieves (1.91mm and 0.38mm, respectively). Then it was conserved in plastic sealed bags. Biochar yield were recorded and the resulting six biochar samples were hereafter referred as SU4-1 (400°C, 10-mesh sieve), SU4-4(400°C, 40-mesh sieve), SU6-1(600°C, 10-mesh sieve), SU6-4(600°C, 40-mesh sieve), SU8-1(800°C, 10-mesh sieve)and SU8-4(800°C, 40-mesh sieve). The biochar production rate at each temperature was calculated as: Production rate (%) = (MBiochar/MBiomass)×100, where MBiochar is the mass of biochar and MBiomass is the mass of biomass used in pyrolysis, both on a basis of dry weight. Detailed information about the chemical and physical characteristics of biochars is listed in Table 1 Urea was AR degree from Sinopharm Chemical Reagent Company with the total nitrogen content of 46.6%.
Determination of Physical and Chemical Properties of the Biochars
The specific surface area and porous texture of biochar were determined by a Surface Area and Porosity analyzer (ASAP 2020 HD88, USA). Elemental contents of C, N, H, O, S were determined using the Elemental Analyzer (Vario EL cube, Germany). The FT-IR spectra were recorded on Varian Cary 610/670 of USA transform infrared spectrometer using the oven-dried KBr (at 105-110°C) pellet technique.
Sorption Experiments
To investigate the ability of biochars to adsorb urea in different environmental conditions, adsorption experiments were conducted by adding biochar samples to urea solution.
(1) Effect of duration on biochar adsorption of urea 2g biochar was added to 50ml, 3mol/L urea solution. The mixture was then shaken in a thermostatic shaker at 200rpm for 1h, 3h, 6h, 12h and 24h, 20°C, respectively, to achieve equilibrium. The supernatant was filtered and analyzed for concentrations of TN by using alkaline potassium persulfate-UV spectrophotometer.
(2) Effect of pH on biochar adsorption of urea 2g biochar was added to 50ml, 3mol/L urea solution, and then adjusted pH value to 3, 5, 7, 9 and 11, respectively. The mixture was then shaken in a thermostatic shaker at 200rpm and 20°C for 3h to achieve equilibrium. The supernatant was filtered and analyzed for concentrations of TN by using alkaline potassium persulfate-UV spectrophotometer.
(3) Effect of urea concentration on biochar adsorption of urea 2g biochar was added to 50ml urea solution with concentration of 1mol/L, 2mol/L, 3mol/L, 4mol/L and 5mol/L, respectively, and then adjusted pH value to 7. The mixture was then shaken in a thermostatic shaker at 200rpm and 20°C for 3h to achieve equilibrium. The supernatant was filtered and analyzed for concentrations of TN by using alkaline potassium persulfate-UV spectrophotometer.
(4) Effect of biochar application amount on biochar adsorption of urea 1g, 1.5g, 2g, 2.5g and 3g biochar were added to 50ml, 3mol/L urea solution respectively, and then adjusted pH value to 7. The mixture was then shaken in a thermostatic shaker at 200 rpm and 20°C for 3h to achieve equilibrium. The supernatant was filtered and analyzed for concentrations of TN by using alkaline potassium persulfate-UV spectrophotometer.
Calculation of Adsorption Capacity
The adsorption capacity was calculated as Eq.1 [13] . Q= (1) Where, Q is the amount of urea adsorbed by a unit mass of biochar (mg/g) at equilibrium; C0 and Ct are the urea concentration in the initial and equilibrium solution (mg/L), respectively; V is the volume of the aqueous solution (L) and M is the mass of biochar (g).
Statistical Analysis
The urea sorption data were fitted to linear Freundlich and Langmuir models, which are the most frequently used models for describing sorption isotherms. The Freundlich adsorption model is as Eq. 2 [14] . lgqe = lgKf+1/n(lgCe) (2) where, qe is mass of urea adsorbed per mass of biochar (mg/g)at equilibrium; Ce is equilibrium concentration (mg/L) of urea in solution; Kf and 1/n are experimentally derived constants. The Langmuir isotherm model, which assumes homogeneous monolayer surface sorption, can be written as Eq.3 [15] Ce/qe=1/KLQm+Ce/Qm (3) where, Qm is the maximum sorption capacity of biochar (mg g/), and KL refers to the Langmuir constants related to adsorption capacity and adsorption rate.
RESULTS AND DISCUSSION
Biochar Properties
The yields and element contents of biochars from rice-straw at three different pyrolysis temperatures of 400, 600 and 800 ˚C are given in Table 1 . The production rate of biochar samples were decreased from 33.9% to 24.7% with pyrolysis temperature increased from 400 to 800 ˚C, which is due to greater loss of volatile components at the higher pyrolysis temperature [16] .
The major component of the biochars is carbon which is increased at first and then declined with rise pyrolysis temperature constantly. This showed that the highest carbonization at pyrolysis temperature of 600 ˚C and a highest degree of C in aromatic structure. However, contents of hydrogen and oxygen decreased by approximately 42% and 39%, respectively, at pyrolysis temperature ranged from 400 ˚C to 800 ˚C. This was due to the removal of water, hydrocarbons, tarry vapors, H2, CO, and CO2 during the carbonization process [17] . The biochars in the study contained relatively small amount of sulfur and nitrogen.
The BET surface area of biochar ranged from 1.02 to 3.07 m 2 /g, and pore volume enlarged from 0.0126 to 0.2151 ml/g, with pyrolysis temperature increased from 400 to 800 ˚C.
The FTIR spectrum of the biochar (Fig1) showed a number of adsorption peaks at different wavenumbers, which is consistent with a previous report [18] . The band intensity was at 3426cm -1 (-OH), which dramatically decreased with the temperature kept rising and almost diminished at 800 ˚C. This finding is similar with previous study [19] . The peak amplitude of Aromatic C=C and C=O at 1608 cm -1 rose at first and then declined, a similar trend appeared at 863 cm -1 in fingerprint spectrum, which reflected the change of Aromatic C-H. The absorption peaks around 1088 cm -1 characterize the C-O-C in biochars, which decreased significantly with rising temperature and the peak disappeared at 600 °C and 800°C. In general, the high temperature made more loss of aliphatic alkyl and hydroxyl, leading to the increase of aromatic component. However, aromatic substances began to decrease as the temperature kept rising and almost diminished at 800°C. These changes were also reflected in the ratio of elemental C and O (Tab.1) 
Biochar Adsorption of Urea Under Different Preparation Conditions
Preparation conditions, especially the pyrolysis temperature had a significant effect on the adsorption performance of biochar for urea are showed in Fig.2, 3, 4 , 5. In contract to SN4 (biochars produced at 400 °C), SN6 and SN8 had a greater urea sorption ability relatively. What should be mentioned here is that SN4 biochar for urea in solution was negative adsorption. The reasons of this phenomenon could be that 400 °C was the critical temperature for carbonization of rice straw, which leading to a large amount of unvolatile nitrogen compounds in that SN4 biochar. A large amount of these nitrogen substances released and release quantity exceed adsorption capacity of biachar to urea. There is a slight difference between SN6 and SN8 whereas SN8 had a slender adsorption capacity in a given environmental condition. Previous studies demonstrated that the sorption ability of biochars to aqueous organic pollutants can be improved with the increase of pyrolysis temperature, which was attributed to the higher aromaticity, weaker polarity and higher specific surface areas [20] . This finding further demonstrated the rise of the aromatic group was accompanied with the increase of pyrolysis temperature (Fig.2) . And SN8 biochar had a higher specific surface area and pore volume which may contribute to the slight larger adsorption capacity (Tab.1). This findings were similar with other studies [21] [22] [23] . From the figures, it can be seen that grinding diameter had little effect on adsorption of urea, especially for SN6 and SN8 biochars. The grinding process caused a little reduction on sorption ability of SN4 biochar mainly due to the decline of adsorption sites on its surface, which is consistent with the study of Xu [24] .
Kinetics Study on Urea Adsorption by Biochars
The Kinetic curves of urea on biomass charcoals derived from rice strew are presented in Fig.2 . It is obvious that the urea absorbency of the SN6 and SN8 biochars increased rapidly in the first 3 hours, and then decreased until reached an equilibrium state in 24 hours. It is not consistent with the normal laws [25] . And SN4 had no adsorption effect. The equation of pseudo-first order kinetic (Eq.4) and pseudo second-order kinetic (Eq.5) were used for fitting the adsorption process respectively，and the linear form was given as [26] . ln(qe-qt) = lnqe-K1t (4) where qt, qe and K1 represent ideal value of equilibrium urea absorbency, urea absorbency at any time and adsoption rate constant, respectively. t/qt = (1/K2qe 2 ) + (1/qe)t (5) where qt, qe and K2 represent ideal value of equilibrium urea absorbency, urea absorbency at any time and adsoption rate constant, respectively.
The kinetic data were analyzed, and corresponding parameters calculated and correlation coefficient (R 2 ) are tabulated in Table 2 . It can be seen that the values of correlation coefficient were lower than 0.9 indicating the process was not reasonably obeyed the pseudo-first order kinetic and pseudo second-order kinetic. In constract with pseudo second-order kinetic, pseudo-first order kinetic of SN6 and SN8 had the better fitting effect. It indicates that physical adsorption played a leading role in the whole SN6 and SN8 biochars adsorption process. Kinetic parameters for adsorption-rate expressions (K1) of urea on different biochar showed the order: SN4>SN6>SN8, and there is a little difference between SN6 and SN8. This phenomenon could be due to the relative abundant Oxygen-containing functional groups, e.g. hydroxy in SN6 biochar. Most of the oxygen-containing functional groups are an electron with drawing group, in favor of urea adsorption. 
Effect of Urea Concentration on Biochar Adsorption of Urea
In order to understand the mechanism controlling biochar adsorption process, it is essential to study equilibrium adsorption isotherms of urea, which is presented in Figure 3 . Within the biochars, it can be seen that the equilibrium urea absorbency increased slightly with the increase of the initial concentration of the urea solution except SN4 which decreased at first then increased. The urea adsorption capacity of SN6 and SN8 had a little rise and it reached the largest adsorption value at the urea concentration of 180 mg/L, but the amount of urea adsorption kept constant substantially. Table 3 shows the Freundlich and Langmuir isotherm constants and urea adsorption correlation coefficients for different biochars. Through analyzing, absorption of urea by different biochars was better fitted to Freundlich isotherm model, with higher r values than that of Langmuir model, especially SN6 and SN8. And r values of SN4 was less than 0.9 which indicated that SN4 had no significant difference to urea adsorption. Despite both constants Kf and n in Freundlich model affect urea adsorption isotherms, there is one research proved that Kf plays a main role in reflecting differences of adsorption ability between biochars [27] . In this study, although the sequence of Kf: SN8>SN6, the values of the tow biochars had slender change. This also further demonstrated the conclusion of previous Kinetics Study. Figure 3 . Retention isotherms of urea on biomass charcoals derived from rice straw. 
Effect of pH on Biochar Adsorption of Urea
The urea absorbency of the rice-straw biochars in solution with different pH values is shown in Figure 4 . Since the molecules of urea hydrolysis is contact with environment pH closely, the rate of hydrolysis of urea will decline with the pH increased [28] . From Figure 4 , it was clear that the urea absorbency increased with increase of pH until pH 7 where the adsorption capacity reached the largest value, and then decreased. Due to the rate of urea hydrolysis was lower than adsorbed at the pH range of 3 to 7, the net amount of the biochar adsorption of urea increased. After the pH was rose to 7, the urea absorption by biochars reached saturation. However, there still had an existence of urea hydrolysis, the urea adsorption decreased continuously. Based on the above analyses, the biochar exhibited excellent adsorption capacity at pH 7. 
Effect of Biochar Application Amount on Biochar Adsorption of Urea
The urea absorbency of the rice-straw biochars in solution with different biochar application amount is shown in Figure 5 . With the increase of the amount of biochar, each processing of urea adsorption on the whole showed a trend of first increasing and then decreasing. The urea adsorption of per unit biochar reached the minimum with the biochar quantity of 40mg/ml. 
CONCLUSION
The pyrolysis temperature greatly influenced the rice-straw biochar chemical and physical characteristics among the adsorption time, pH, urea concentration and biochar application amount. The biochar had the largest adsorption capacity for urea at a pyrolysis temperature of 800 °C particularly. However, urea hydrolysis occurs easily, which can influence the urea adsorption by biochar, especially when pH>7 and the longer adsorption time. Therefore, we conclude that the rice-straw biochar at a pyrolysis temperature of 800 °C, pH=7 and adsorption time of 3h, which can be used for adsorbing urea in aqueous solution, but further research is needed in terms of modifying rice-straw biochar to improve urea adsorption capacity.
